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1.
I n t r o d u c t io n ,
A lth o u g h the developm ent o f t h r a d re n a l g la n d s has been s tu d ie d f o r th e v a rio u s c la s s e s o f v e r te b r a te s f o r a number o f years and by many in v e s tig a to r s o f re c o g n iz e d a b i l i t y , t h e r e seems to be no v e ry g e n e ra l agreement in t h e i r con c lu s io n s ; and s e v e ra l opposing th e o r ie s have been developed as a d e s u it. T h is is The o b je c t o f t h i s in v e s t ig a t io n is t c d e te rm in e th e source and manner o f developm ent o f th e v a rio u s system s o f th e a d re n a l g la n d s o f b ir d s ,a n d to make c le a r th e r e la t io n s h ip e x is t in g between th e se d i f f e r e n t system s in th e b ir d s .
I t is s a fe to say th a t th e fe is no lo n g e r any doubt as to th e n a tu re o f th e a d re n a l g la n d s s in c e th e f a c t is w e ll e s ta b lis h e d th a t in the h ig h e r v e r te b r a te s th e y re p re s e n t th e more o r le s s com plete u n io n o f th e ir .t e r r e n a ls and s u p rare n a ls o f ,the lo w e r v e r te b r a te s . The a d re n a l gla n d s o f th e h ig h e r v e r te b r a te s are the n a p a ir o f o rg a n s,e a ch re p re s e n tin g an in t e r r e n a l and a s u p ra re n a l g la n d substance o f th e lo w e r c la s s e s o f v e r te b r a te s . In th e a d re n a ls o f mammals,the c o r t i c a l * re p re s e n ts th e in t e r r e n a ls , w h ile th e m e d u lla ry substance co rre sp o n d s to th e s u p ra te rm l g la n d s o f th e lo w e r v e r te b r a te s . S ince in th e ease o f b ir d s th e re is no tru e m e d u lla ,th e term c h ro m a ffin substan ce w i l l be used in p la c e o f the te rm , m e d u lla ry s u b s ta n c e .
A cco rd in g to the d i f f e r e n t in v e s t ig a t o r s , t h e c o r t i c a l substance has been d e riv e d from s e v e ra l p o s s ib le s o u rc e s ;th e mesenchyme,the m esonephros,the g e rm i n a l e p ith e liu m ,th e p e r ito n e a l e p ith e liu m ,a n d th e s y m p a th e tic g a n g lia .
J o tts c h a u ( I 883) and M ino t (1897) to o k th e view th a t the c o r t i c a l substance
de velop s from th e mesenchyme,the fo rm e r w o rkin g w ith mammalian embryos and th e l a t t e r w ith hum;an em bryos. The th e o ry o f m esonephric o r ig in was s u p p o rte d by 3em on(l867) and Q* K. H offm ann(1 8 9 2 ).b o th w o rk in g w ith th e embryos o f b ir d s .v o n M ih a lc o v ic s (1 8 8 5 )w o rk in g w ith r e p t ile s , a n d J a n o s ik (i8 8 3 1 8 9 0 ),f u s a r i (1 8 9 3 ),and L o i s e l (1 9 0 4 ).w o rk in g w ith b ir d em b ryo s,fo u n d a v e ry in tim a te r e la t io n s h ip between th e a d re n a ls and th e g e n it a l g la n d s and to o k th e view th a t th e a d re n a ls d e v e lo p fro m th e g e rm in a l e p ith e liu m so f a r as th e c o r t i c a l substance is co n cern ed.
0.
S c h u ltz e (1 8 9 7 ) ,from h is o b s e rv a tio n s made on embryos o f V e s p e r t i l l i o m u rin u s , co n clude d th a t th e c o r t i c a l su b sta n ce o f th e a d re n a l g la n d a r is e s fro m th e sym p a th e tic g a n g lia .T h e f o llo w in g o b s e rv e rs s u p p o rt th e th e o ry th a t th e c o r t i c a l \* sub stan ce o f th e a d re n a l g la n d s d e v e lo p s from th e p e r ito n e a l e p it h e liu m . V a le n t i 2.
(1893) and S o u l i (1 9 0 3 ),w o rk in g w ith b ir d em bryos,and K u n tz (1 9 12 ) , w o rk in g w ith embryos o f T h a la s s o c h e ly s c a r e t t a . T h is vie w is a ls o s u p p o rte d by P o l l (1 9 0 6 ).
The above c i t a t i o n s do n o t c o ve r th e e n t ir e f i e l d bu t are g iv e n o n ly to show th e v a r io u s th e o r ie s w hich have been proposed to account f o r th e c o r t i c a l substance o f th e a d re n a l g la n d s .
S e v e ra l th e o r ie s have a ls o been proposed to account f o r th e developm ent o f th e c h ro m a ffin substance o f th e g la n d s . Here a g a in th e re is a la c k o f agreement in th e c o n c lu s io n s o f th e v a rio u s i n v e s t ig a t o r s , as was th e case in the o b serva t io n s on th e developm ent o f th e c o r t i c a l su b s ta n c e . G o tts c h a u ( 1883) and M ino t (1897) d e riv e d th e c h ro m a ffin sub sta n ce from th e mesenchyme,the fo rm e r from ob s e r v a tio n s made on mammalian embryos and th e l a t t e r , f r o m human em bryos, von M lh a lc o v ic s ( 13 8 5 ), from o b s e rv a tio n s made on r e p t i l l i a n embryos,came to the con*?-!, e lu s io n th a t th e c h ro m a ffin substance o f th e g la n d s is d e riv e d from th e g e rm in a l e p ith e liu m . T h is th e o ry was upheld by J a n o sik(1 8 S 3 1890) and V a le n t i( 1889 1893), b o th w o rkin g w ith embryos o f b ir d s , L e y d ig (lS 5 3 ) d e s c rib e d th e in t e r r e n a ls and s u p ra re n a ls o f fis h e s and came to th e c o n c lu s io n th a t th e s u p ra re n a ls are d e riv e d from th e s y m p a th e tic nervous system . B a lf o u r (1 8 7 8 )in h is c la s s ic a l work on th e elasm obranch fis h e s ,s h o w s c o n c lu s iv e ly th a t th e s u p ra re n a ls are d e riv e d fro m th e s y m p a th e tic g a n g lia alo n g th e abdom inal a o r ta . S ince th a t tim e many in v e s tig a to r s have v e r i f ie d th e se c o n c lu s io n s and i t is hard to account f o r th e f a c t th a t many o f th e e a r l i e r in v e s tig a to r s re fu s e d to accept th e r e s u lt s o f th e work o f Le yd ig and B a lfo u r . Among th e l a t e r in v e s t ig a t o r s to h o ld th e th e o ry o f s y m p a th e tic o r ig i n o f th e c h r o m a ffin substance a re ; F u s a r i( |8 9 0 1 8 9 3 ),H. R a b l( I p q i) , K in e r v in i ( j'9 0 4 ) , and L o is e l (1 9 0 4 ). These in v e s t ig a t o r s a l l worked w ith b ir d embryos. S o u li (I9 0 3 )a n d G. K. H offm ann(1889 1 8 9 2 ),w o rk in g w ith the embryos o f b ir d s and re p tile s ,c a m e to th e th e o ry o f s y m p a th e tic o r ig i n . T h is th e o ry was a ls o su p p o rte d
by th e work o f P o l l (1 9 0 6 )in w hich he used th e embryos o f m a m m a ls ,re p tile s ,a n d b ir d s . K u n tz ( 19 1 2 ) ,from o b s e rv a tio n s made on th e embryos o f T h a la s s o c h e ly s c a r e tta ,c o n c lu d e s th a t th e c h ro m a ffin sub stan ce de velop s from th e analgen o f th e p r e v e r te b r a l s y m p a th e tic p le x u s e s . The above c i t a t i o n s , w h i l e th e y do n o t co ve r the e n t ir e f ie ld , s e r v e to show th e c o n fu s io n w hich e x is t s c o n c e rn in g th e d e v e l opment o f th e a d re n a l g la n d s . A com plete b ib lio g r a p h y w i l l be found in the work o f P o l l (1 9 0 6 ).
There a re two g e n e ra l th e o r is to acco unt f o r th e o r ig i n o f th e c o r t i c a l and c h ro m a ffin sub stan ces o f th e a d re n a l g la n d s ;th e th e o ry o f homogeneous o r ig i n and th a t o f heterogeneous o r i g i n . The s u p p o rte rs o f th e th e o ry o f homogeneous o r ig i n have in t u r n d e riv e d th e a d re n a l gla n d s from th e s y m p a th e tic nervous sys*-te m ,fro m th e mesenchyme,and from th e g e rm in a l e p ith e liu m . There is th e same la c k o f agreement among th e s u p p o rte rs o f th e th e o ry o f heterogeneous o r i g i n . These in v e s t ig a t o r s have in t u r n d e riv e d th e gla n d s from th e mesonephros and th e p e r ip h e r a l p a r t o f th e s y m p a th e tic nervous s y s te m ,th e g e rm in a l e p ith e liu m and the s y m p a th e tic nervous system ,and from th e p e r ito n e a l e p ith e liu m and th e s y m p a th e tic 3. nervous system . F o il, f r o m e x te n s iv e o o s e rv a tio n s and from a th o ro u g h re v ie w o f th e lit e r a t u r e , s h o w s th a t th e w e ig h t o f e vid ence fa v o rs th e th e o ry th a t th e c o r t i c a l substance o f th e a d re n a l gla n d s o f a l l v e r te b r a te s is d e riv e d from th e p e r ito n e a l e p ith e liu m and th a t th e c h ro m a ffin substance d e v e lo p s from th e c e l l s w hich break away from th e analgen o f th e p e r ip h e r a l p a rt o f th e sym p a th e tic nervous system . Very l i t t l e work has been done on the developm ent o f th e b lo o d v e s s e ls o f th e a d re n a l g la n d s , f l i n t ( 1 900} has worked o u t th e b lo o d v e s s e ls o f th e a d re n a ls o f mammals and r e p o r ts a v e ry in t e r e s t in g c o n d itio n e x is t in g in t h i s c la s s o f a n im a ls ,e s p e c ia lly as re g a ra s the venous c i r c u l a t i o n . A cco rd in g to t h i s in v e s t i g a t o r th e venous system may be compared to a t r e e , t h e te r m in a l tw ig s u n it in g to form la r g e r branches and as a n a tu r a l r e s u lt o f t h i s process a la rg e c e n t r a l v e in is form ed. He found th a t in most cases t h i s c e n t r a l v e in opens in t o th e p o s tc a va as a s in g le v e in . In th e d o g ,h o w e v e r,th e c e n t r a l v e in s o f th e p o s te r i o r and a n t e r io r lo b e s o f th e g la n d do n o t u n ite , b u t open in t o th e po stcava s e p a r a te ly . T h is d e s c r ip t io n r e fe r s o n ly to th e venous system o f th e m e d u lla ry p a rt o f th e g la n d . The venous system o f the c o r t i c a l p a r t o f th e g la n d is o f no g re a t im p o rta n c e , be in g composed o f the te r m in a l tw ig s o f th e m e d u lla ry venous t r e e . The a r t e r ie s o f th e g la n d ,a c c o rd in g to ¿ l i n t , a r e d e riv e d from f i v e sources;
A .p h re n ic a , A .p h re r.ic a a c c e s s o riu s , A. lu m b a lis , A. r e n a lis , and th e abdom inal a o r ta .
These a r t e r ie s branch o u t on th e c a p s u le o f th e g la n d fo rm in g a ne tw ork o f b lo o d v e s s e ls o ve r th e e n t ir e g la n d . These branches f i n a l l y e n te r th e c o r te x a t v a r io u s p o in ts and break up in t o c a p i l l a r i e s , t h e te r m in a l branches p e n e tra tin g th e He f in d s th e se b lo o d v e s s e ls d i f f e r i n g from c a p i l l a r i e s in s iz e , s h a p e , r e la t io n to o th e r tis s u e s ,a n d in t h e i r method o f de ve lo p m e n t. A c c o rd in g to t h i s a u th o r, th e se b lo o d v e s s e ls w hich he c a l l s s in u s o id s are la r g e r th a n c a p i l l a r i e s and are i r r e g u l a r in s e c tio n . The w a lls o f s in u s o id s a re composed o f a s in g le la y e r o f e n d o t h e lia l c e i l s r e s t in g upon th e parenchyma o f th e o rg a n ,w h ile a c a p i l l a r y alw ays has a c o n n e c tiv e tis s u e w a ll upon w h ich th e e n d o t h e lia l la y e r r e s t s . The were c u t to a th ic k n e s s o f tv ie n ty m ic ra . A l l o th e r s e c tio n s were te n m ic ra t h ic k * I t g iv e s n.e g re a t p le a s u re to express my in d e b te d n e s s to P ro fe s s o r F. A.
S tro a s te n f o r many h e lp f u l s u g g e s tio n s d u rin g my in v e s t ig a t io n o f t h i s s u b je c t and a ls o f o r re a d in g th e m a n u s c rip t. I ta k e th e g r e a te s t p le a s u re in acknow ledg in g my in d e b te d n e ss to P ro fe s s o r G. L. Houser f o r s u g g e s tin g the s u b je c t o f t h is in v e s t ig a t io n and f o r many h e lp f u l s u g g e s tio n s d u rin g i t s p ro g re s s . Q bservat io n s .
The e a r ly developm ent o f th e c o r t i c a l su b s ta n c e .
The c e l l s w hich are l a t e r to form th e c o r t i c a l substance o f th e a d re n a l g la n d s o f b ir d s are f i r s t seen in th e 9 6 th . hour o f in c u b a tio n . They appear as a th ic k e n in g o f th e p e r ito n e a l e p it h e liu m , v e n t r a l and m e s ia l to th e niesonephros, v e n t r a l to th e abdom inal a o rta ,a
n d d o r s a l to th e h in d g u t w hich is open a t t h i s tim e ( F i g . I , a d ) .
The d e v e lo p in g c e i l s push in d o r s a lly from th e e p ith e liu m upon w hich th e y r e s t and become la r g e r and more n e a rly c i r c u l a r in o u t lin e th a n those c e l l s from which th e y a r o s e ,th a t i s , t h e c e l l s o f th e p e r ito n e a l e p ith e liu m . The n u c le i are c o rre s p o n d in g ly e n la rg e d and m it o t ic fig u r e s may be seen in n e a rly a l l o f them. The n u c le i a ls o d i f f e r from tho se o f th e p a re n t c e l l s in t h e i r s ta in in g p r o p e r tie s , the se n u c le i a l l b e in g le s s d e e p ly s ta in e d and le s s g r a n u la r th a n th o th o se o f th e p e r it o n e a l e p ith e liu m . I t is p ro b a b ly due to th e f a c t th a t the anlagen o f th e c o r t i c a l substance appear so e a r ly in th e developm ent o f th e chick^ th a t e a r l i e r in v e s t ig a t o r s , u s in g embryos w hich had passed t h i s sta g e o f d e v e lo p ment, d e riv e d th e c o r t i c a l substance from o th e r s o u rc e s .
D u rin g t h i s e a r ly p e rio d o f in c u b a tio n th e developm ent o f th e c o r t i c a l sub -
s ta p c e goes on w ith a s to n is h in g r a p id it y , a n d n in e hours la t e r , d u r in g th e lOoth..
hour o f in c u b a tio n ,th e c o r t i c a l c e l l s have p ile d up on th e p e r it o n e a l e p ith e liu m so t h a t a s o lid body is formed on each s id e o f th e base o f th e m e sente ry. In th e m e a n tim e ,fo ld s have appeared in th e p e r ito n e a l e p ith e liu m w hich th ro w the se c e l l groups f u r t h e r fro m th e base o f th e m e s e n t e r y , la t e r a lly . At t h i s p e rio d th e y l i e j u s t m e s ia l to th e v e n t r a l s id e o f th e m esonephros. T h is i s p o s s ib le because th e mesonephros l i e s c lo s e r to th e median l i n e th a n in th e p re c e d in g s ta g e ,d u e c b ie flu
to th e f a c t th a t i t has been g ro w in g r a p id ly d u rin g t h i s p e rio d . The c h a ra c te r of th e c o r t i c a l c e l l s has n o t changed d u rin g t h i s p e r io d ,b u t t h e i r m ig r a tio n has 5 .
gone on r a p id ly u n t i l a c h a in o f c e l l s can be tra c e d from th e group r e s t in g on th e p e r ito n e a l e p it h e liu m , t o a p o in t j u s t s l i g h t l y d o rs a l to th e v e n t r a l le v e l o f th e a o r t a ( B ig . 2 , ad) These c e l l s th e n l i e between th e a o rta and th e mesoneph ro s , in th e mesenchyme. In t h i s m ig r a tio n mos$ o f th e c e l l s pass l a t e r a l l y to th e s u b c a rd in a l v e in s b u t t h i s does n o t h o ld tr u e f o r a l l o f th e m ,s in c e a few o f them ta k e a p a th median to th e se v e in s . The shape o f the se c e l l s and t h e i r n u c l e i , t o g e th e r w ith t h e i r s t a in in g p ro p e rtie s ,m a k e them e a s ily i d e n t i f i l e f t sidcrs o f th e a o rta , though th o s e on th e r i g h t s id e may be s l i g h t l y in advanoe o f tho se on th e l e f t . These c e l l ; groups are s c a tte re d th ro u g h th e mesenchyme between th e mesonephros and th e a o rta and have p r a c t i c a l l y inva ded th e e n t ir e r e g io n . The n u c le i a re s t i l l c i r c u l a r in s e c tio n and show w e ll de veloped m i t o t ic f ig u r e s . O c c a s io n a lly c e l l s may be seen un de rg o in g d i v i s i o n . Is o la te d c e l l s are s t i l l c i r c u l a r in o u t lin e b u t th o s e w hich are found in groups have become more o r le s s f la t t e n e d by c o n ta c t w ith th e ot-hwr c e l l s o f th e group and p re s e n t an o v a l o u t lin e . They may s t i l l be i d e n t i f i e d from a n y th in g w hich has y e t appeared by t h e i r n u c le i and s t a in in g p r o p e r t ie s ( F ig . 3 , a d ). The r e la t i v e p o s it io n o f th e c o r t i c a l c e l l s a t t h i s p e rio d is shown by f ig u r e s i x . I t is seen th a t th e y l i e on th e d o rs a l s id e o f th e s u b c a rd in a l v e i n s , l a t e r a l and v e n t r a l to th e a o r ta , and m e s ia l and v e n t r a l to th e p o s tc a r d in a l v e in s . The re g io n w hich th e y occupy e xte nd s p o s t e r io r ly to a p o in t about le v e l w ith th e anasto m osis o f th e s u b c a rd i n a l v e in s in th e median l i n e , v e n t r a l to th e d o r s a l a o r ta .
From th e 120th. to th e 130th. hours o f in c u b a tio n th e re i s a g re a t in c re a s e in th e mass d>f th e c o r t i c a l s u b s ta n c e . T h is i s due, p a r t ly to th e f a c t th a t th e c e l l s are no lo n g e r s c a tte r e d th ro u g h th e mesenchyme,but have c o lle c t e d in la rg e g ro u p s ,a n d p a r t l y to th e f a c t th a t th e number o f th e se c e l l s has been in c re a s e d by th e d iv is io n o f th e o ld e r c e l l s p re s e n t in t h i s re g io n * At t h i s sta g e th e c e l l s are a rra n g e d in la r g e s o lid groups ly in g d o rs o -m e s ia l to th e s u b c a rd in a l v e in s and v e n t r a l to th e m esonephric a r t e r ie s w hich ru n o v e r th e a n t e r io r ends o f th e se c e l l g ro u p s . These c e l l s th e n occupy occupy th e re g io n between th e a o r ta and th e mesonephros in th e re g io n o u t lin e d above. Owing to th e c lo s e a r r angement o f th e c e ll s , t h e y are lo s in g t h e i r r e g u la r s h a p e ,h u t,th e -n u c le i rem ain A f t e r 144 hours in c u b a tio n th e c e l l s have become more c lo s e ly grouped th a n ;
in th e p re c e d in g s ta g e s and are found in la r g e o v a l masses on each s id e o f th e 6. on each s id e o f th e a o r ta . The n u c le i have become more g ra n u la r bu s t i l l c o n ta in m i t o t i c f ig u r e s . The c e l ls are becoming more ir r e g u la r in o u t lin e and,on account o f th e p r o x im ity o f th e s e c e l l s to th e mesonephros,and on ac co u n t o f th e c lo s e resem blance between them a t t h i s t i m e . i t is d i f f i c u l t to d is tin g u is h one from th e o th e r . Such c o n d itio n s ,d o u b tle s s ,a r e re s p o n s ib le f o r the c o n c lu s io n s o f some o f th e e a r l i e r in v e s t ig a t o r s t h a t th e c o r t i c a l substance o f th e a d re n a ls is d e riv e d from th e mesonephros. C a re fu l in v e s t ig a t io n re v e a ls a t h i n la y e r o f f la t t e n e d mesenchyme c e l l s between th e se two b o d ie s .
Twenty fo u r hours la t e r , d u r in g the 16Sth. hour o f in c u b a tio n , th e mass o f th e c o r t i c a l substance has g r e a t ly in c re a s e d * The c e l l s have a rra n g e d them selves in i r r e g u l a r c h a in s and have Jraken a ro u g h ly hexagonal shape. The n u c le i s t a in much d a rk e r th a n p r e v io u s ly b u t th e y s t i l l show m i t o t ic fig u r e s in g re a t number», showing th a t th e c o r t i c a l substance o f th e g la n d is s t i l l in c re a s in g by d iv is io n o f i t s own c e l l s . The mass o f c o r t i c a l substan ce is ro u g h ly c i r c u l a r in s e c tio n a t t h is tim e and o ccu p ie s p r a c t i c a l l y th e same le v e l as th e a o rta and has about th e same c ro s s s e c tio n a l area th ro u g h th e c e n te r . The mesonephros has developed v e n t r a l l y u n t i l i t is in c o n ta c t w ith th e a d re n a l o n ly a t i t s d o rs o m e s ia l a n g le .
The s u b c a rd in a l v e in s s t i l l l i e on th e v e n t r a l b o rd e r o f th e g la n d s . At t h i s o f d e v e lo p m e n t,c o n n e c tiv e tis s u e f ib r e s are c o lle c t in g around th e g la n d ,g iv in g prom ise o f a c o n n e c tiv e tis s u e c a p s u le l a t e r . A few o f th e f ib r e s are seen w it h in the body o f th e g la n d ,b e tw e e n th e c o rd s o f c e l l s . The c o r t i c a l substance c o n tin u e s to grow r a p id ly d u rin g th e n e x t tw e n ty fo u r hours and a f t e r 192 hours o f in c u b a tio n i t s c ro s s s e c t io n a l area i s f u l l y tw ic e as g r e a t th ro u g h th e c e n te r as th a t o f th e a o rta . The g la n d is about two m illim e t e r s lo n g a t t h i s p e rio d . The c e l l mass is becoming le s s dense th a n i t has been f o r some tim e . A la rg e number o f th e n u c le i s t i l l show m i t o t ic fig u r e s b u t in many o f th e c e l l s the se f ig u r e s a re no lo n g e r p re s e n t. At t h i s tim e ,b lo o d c e l l s may be seen in th e r e l a t i v e l y la rg e openings between th e c o rd s o f c o r t i c a l c e l l s . L i t t l e change in th e form and s iz e o f th e g la n d is seen d u rin g the ne xt tw e n ty fo u r h o u rs . The g r e a te s t changes are seen in th e i n t e r n a l arrangem ent o f The above o b s e rv a tio n s le a d to b u t one c o n c lu s io n ,n a m e ly ,th a t th e a .la g e n o f the c o r t i c a l substan ce o f th e a d re n a l g la n d s a r is e as groups o f c e l l s which p r o l i f e r a t e from th e p e r ito n e a l e p ith e liu m . E a rly developm ent o f th e c h ro m a ffin s u b s ta n c e .
The o b s e rv a tio n s on th e developm ent o f th e a d re n a l g la n d show th a t th e a n la gen o f th e c o r t i c a l substan ce a r is e from th e p e r ito n e a l e p ith e liu m . O b s e rv a tio n s on th e o r ig in o f th e c h ro m a ffin su b stan ce seem to show th a t i t a r is e s , n o t from
t e b r a l s y m p a th e tic p le x u s e s . I t is e v id e n t th e n th a t th e a d re n a l gla n d s a r is e from two s e p a ra te germ la y e rs ,n a m e ly ;th e mesoderm and th e ectoderm .
A fte r 120 hours c f in c u b a tio n ,la r g e o v a l c e l l s are seem m ig r a tin g v e n t r a lly fro m th e s y m p a th e tic tru n k s on each s id e o f th e a o r ta . These c e l l s m ig ra te s in g l y in most cases and most o f them pass around to the v e n t r a l by t h i s tim e and have ta ke n a d e f f i n i t e o u t l i n e . At t h i s tim e,som e o f th e c e l l s m ig r a tin g from th e s y m p a th e tic tru n k s tu r n o f f v e n t r a l l y in th e re g io n o f the re g io n o f th e a d re n a ls and e it h e r e n te r th e m ,o r become a tta c h e d to th e s u rfa c e o f th e c e i l g ro u p s . F ig u re fo u r (sy) shows s e v e ra l o f th e se c e l l s on th e in n e r edges o f th e groups o f c o r t i c a l c e lls , a n d on th e r ig h t , o n e c e l l may be seen w hich has p e n e tra te d to th e c e n te r o f th e c o r t i c a l s u b s ta n c e . T h is developm ent c o n tin u e s f o r some tim e and th e se new e le m e n ts ,th e c e l l s o f s y m p a th e tic o r ig i n , do n o t seem to d i f f e r in any way fro m th o se w hich pass on to form th e p r e v e r t e b r a l s y m p a th e tic p le x u s e s . These c e l l s .th e n ,a r e i n d i f f e r e n t in n a tu re . As th e g ro w th o f th e embryo goes on,m ore o f th e se c e l l s are found e n te r in g th e c o r t i c a l s ub stan ce o f th e g la n d and c o l l e c t i n g , i n most c a s e s ,in groups o f two o r th r e e . S in g le c e lls ,h o w e v e r , are found s c a tte re d th ro u g h o u t th e c o r t i c a l s u b s ta n c e .
D u rin g t h i s p e rio d th e y may be found a lm o st anywhere w it h in th e c o r t i c a l su b stan ce and a g re a t many are found around th e s u rfa c e o f th e g la n d s .
A f t e r 168 hours o f in c u b a tio n ,th e c e l l s w hich a re to form th e c h ro m a ffin p a rt o f th e g la n d are b e g in n in g to show some d i f f e r e n t i a t i o n . Th'ose w hich have e n te r ed th e c o r t i c a l substance are no lo n g e r la rg e c i r c u l a r c e l l s w ith r o u n d ,c le a r n u c le i. The shape is becomming i r r e g u l a r as a g e n e ra l r u le and th e c e l l s are s m a lle r th a t o r i g i n a l l y . The n u c le i a re o v a l and have become q u ite g r a n u la r , in many ca se s,e ve n more so tha n th o se o f th e c o r t i c a l c e l l s . They are most e a s ily c e l l s are a ls o fo u n d . T h is seems to be th e h ig h t o f th e m ig r a tio n o f th e c e lls fro m th e s y m p a th e tic tru n k s and a t t h i s tim e th e mesenchyme around the gla n d s is sh o t f u l l o f them ,and th e y can be seen e n te r in g th e g la n d s from a l l s id e s .
d is tin g u is h e d fro m th e l a t t e r c e l l s by means o f t h e i r s t a in in g

D u rin g th e n e x t tw e n ty fo u r h o u rs ,th e c h r o m a ffin c e l l s w it h in th e gla n d s have in c re a s e d g r e a t ly in number and most o f th e s y m p a th e tic c e l l s have d is s a -
pearea from th e mesenchyme around th e g la n d s . A t t h i s tim e th e c h ro m a ffin c e l l s are a rran ged in cords,m any o f w hich have pushed in c lo s e to th e venous blo od V e s s e ls . T h is lo c a t io n w ith re g a rd to th e Venous c i r c u l a t i o n cannot be taken as a g e n e ra l r u le a t t h i s p e rio d o f d e v e lo p m e n t,s in c e a g re a t number o f th e se cords do no t seem to be ar any r e la t io n to th e b lo o d v e s s e ls .
The arrangem ent o f the c h ro m a ffin c e l l s undergoes a marked change d u rin g the n e x t tw e n ty fo u r h o u rs ,216 hours in c u b a tio n . The c e l l s were f i r s t found s c a tte re d
.
e i t h e r s i n g ly , o r in s m a ll g ro u p s ,th ro u g h o u t th e c o r t i c a l su b s ta n c e . L a te r th e y became a rran ged in co rd s o r colum ns. At t h i s p e rio d the c e l l c o rd s break down, b u t do n o t r e tu r n to th e o r i g i n a l c o n d itio n o f s o l i t a r y c e i l s s c a tte re d th ro u g h o u t th e c o r t i c a l s u b s ta n c e . In s te a d o f t h i s s c a tte re d a rra n g e m e n t,th e c e l l s are found in s m a ll groups a rran ged around th e venous b lo o d v e s s e ls . Of cou rse no t a l l o f th e groups aee so s it u a t e d , s in c e th e cords from w hich th e y o r ig in a t e d were n o t a l l in c o n ta c t w ith th e b lo o d v e s s e ls .. These o b s e rv a tio n s be ar c u t th e c o n te n tio n t h a t th e c h ro m a ffin substance o f th e g la n d s does n o t a r is e from the mesenchyme o r g e rm in a l e p ith e liu m ,b u t from
th e anlagen o f th e p r e v e r te b r a l s y m p a th e tic p le x u s e s . These c e l l s e n te r th e c o r t i c a l substance as i n d i f f e r e n t c e l l s and l a t e r become d i f f e r e n t i a t e d to form th e c h ro m a ffin substance o f th e g la n d s .
Development a f t e r 216 hours in c u b a tio n . An ide a o f th e s t r u c t u r e o f th e g la n d nay be had by r e f e r in g to f ig u r e f i v e ,
A f t e r 216 hours in c u b a tio n th e c h a r a c t e r is t ic fe a tu r e s o f the a d re n a l gla n d s are f i r m l y e s ta b lis h e d and th e developm ent o f the gla n d s from th a t tim e up to h a tc h in g is
here th e g la n d is seen ly in g between th e k id n e y and th e a o r t a , p r a c t i c a l l y f i l l i n g t h i s r e g io n . The su b stan ce o f th e gla n d is c u t up i r r e g u l a r l y by venous s in u s o id s w hich form a n e tw o rk th ro u g h o u t th e e n t ir e g la n d . The c o r t i c a l c e l l s are a rra n g ed in i r r e g u la r colum ns w hich pass around the se b lo o d v e s s e ls anu seem to form th e fo u n d a tio n f o r a l l o th e r ele m en ts o f th e g la n d . The c h ro m a ffin c e l l s have no r e g u la r a rra n g e m e n t,b u t are found in groups v a r y in g from two o r th r e e ,u p to t h i r t y o r f o r t y c e l l s each. The o n ly r e g u l a r i t y to be seen in th e c h ro m a ffin groups is in t h e i r r e la t i o n to th e venous b lo o d v e s s e ls . Except in e x c e p tio n a l c a s e s ,a t le a s t a p a r t o f each group is in d ir e c t c o n ta c t w ith a t le a s t one o f th e se b lo o d v e s s e ls .
9.
The c o n n e c tiv e tis s u e ,w h ic h was f i r s t seen fo rm in g around th e ¿ la nds a t the 1 6 8 th ,h o u r o f in c u b a tio n ,d e v e lo p s v e ry s lo w ly b u t a f t e r about seventeen days o f in c u b a tio n a dense ca p s u le has been form ed around each ¿ la n d . The c o n n e c tiv e tis s u e is c o n fin e d a lm o st e n t i r e l y to th e s u rfa c e o f th e g la n d b u t in c e v e ra l p la c e s r a th e r la rg e masses o f i t may be seen e n te r in g th e substance o f th e g la n d .
T h is c o n n e c tiv e t is s u e breaks up a t once and w it h in th e g la n d o n ly v e ry s m a ll f ib r e s are fo u n d . These f ib r e s are found o n ly between th e co rd s o f c o r t i c a l c e lls .
The developm ent o f th e venous system . 10.
The developm ent o f th e venous system c o n tin u e s by th e b ra n c h in g o f the v e s s e ls p re s e n t in th e g la n d u n t i l , a f t e r 168 hours o f in c u b a tio n ,th e g la n d has th e appearance in s e c tio n o f h a vin g many i r r e g u l a r p ie ce s
c u t o u t o f i t s i n t e r i o r . At t h i s p e rio d o f developm ent a new venous c o n n e c tio n appears in th e gla nds o f b i r d s ( F i g . 7 )
. By th e grow th o f th e g la n d s th e y come to l i e v e n tro -m e d ia n to th e p o s tc a r d in a l v e in s . At t h i s tim e ,th e s e v e in s tu r n v e n t r a l l y to form th e re n a l p o r t a l system ,and in th e re g io n o f th e a d re n a ls a branch is g iv e n o f f to th e g la n d At t h i s tim e th e a o rta and th e p o s tc a r d in a i and s u b c a rd in a l v e in s show con n e c tiv e tis s u e in t h e i r w a lls ,u p o n w hich th e e n d o t h e lia l l i n i n g r e s t s . T h is is b lo o d no t tr u e o f th e ve n o u s^ve sse ls in th e g la n d s . These show no c o n n e c tiv e tis s u e in t h e i r w a lls and are la r g e r than any c a p i l l a r i e s found a t t h i s tim e . Owing to th e d iffe r e n c e in s iz e and s t r u c t u r e o f the se v e s s e ls I s h a ll n o t c a l l them cap i l l a r i e s ,
b u t s h a ll adopt th e term s in u s o id s ,p ro p o s e d by M ino t f o r t h i s ty p e o f b lo o d v e s s e l.
The developm ent o f th e s in u s o id s goes on s t e a d ily , b u t a f t e r 216 hours o f in c u b a tio n th e re does n o t appear to have been any a p p re c ia b le in c re a s e in t h e i r number. The most n o tic e a b le change in th e appearance o f th e g la n d is in th e g r e a t in c re a s e in th e s iz e o f th e s in u s o id s . T h is g ro w th , how ever,has in no way e ff e c te d th e n a tu re o f t h e i r w a lls ,a n d th e y are s t i l l made up o f a s in g le la y e r o f e n d o t h e lia l c e l l s ( F i g . 5 , s i ) . The a d re n a l p o r t a l system has broken down down at t h i s tim e . I t is a t r a n s it o r y c o n d it io n , p e r s is t in g th ro u g h th e e ig h th and n in th days o f in c u b a tio n o n ly . I t is s i g n if ic a n t th a t t h i s c o n n e c tio n w ith th e p o s t- opment is th e n th e c o m b in a tio n o f s e v e ra l o f th e se systems a t t h e i r bases to form a la r g e r system . S ince th e re are two v e in s found opening in t o th e su b card i n a l v e i n . i t fo llo w s th a t^th e s e^n u n ie ro u s system s have combined to form two d is t i n c t system s o f s in u s o id s . T^ese system s are d i s t i n c t o n ly in p o in t o f o r i g i n , s in c e th e re are numerous anastomoses form ed between th e s in u s o id s o f th e d i f f e r e n t system s and between th e s in u s o id s o f th e same syatem .
The l a t e r developm ent o f th e venous system is in no way re m a rk a b le . The t e r m in a l s in u s o id s c o n tin u e to branch s lo w ly up to th e end o f th e p e rio d o f in c u b a t i o n . At t h i s p e rio d th e g la n d is f i l l e d w ith s in u s o id s ,s o much so th a t in s e c tio n th e y appear to occupy n e a rly one h a lf o f th e e n t ir e volume o f the g la n d .
There can be no doubt as to the o r ig i n o f th e venous system o f th e adeenal The developm ent o f th e a r t e r i a l system . O b s e rv a tio n s on th e developm ent o f th e a r t e r ie s o f th e a d re n a l gla n d s re v e a l no c o n d itio n s w hich a re in any way o u t o f th e o rd in a ry ,a n d th e c o n d itio n is th e same as th a t o f any organ o f t h is ty p e .
The e a r l i e s t c o n n e c tio n found between th e gla n d s and any o f th e nearby a r t e r ie s appears a f t e r 120 hours o f in c u b a tio n . At t h i s tim e As m a ll b lo o d v e s s e l i s seen p a ssin g in t o th e c o r t i c a l substan ce o f each g la n d from th e a n t e r io r p a ir o f m esonephric a r t e r ie s . At t h i s p e rio d th e w a ils o f the se v e s s e ls are no t v e ry d is t in c t , a n d w it h in th e g la n d no c a p i l l a r i e s can be seen. For some tim e v e ry l i t t l e p ro g re s s can be seen in th e developm ent o f th e a r t e r i e s . A fte # 144 hours o f in c u b a tio n th e o n ly in c re a s e in th e c o m p le x ity o f th e a r t e r i a l system is th e appearance o f a v e ry few i n d i s t i n c t c a p i l l a r i e s w it h in th e c o r t i c a l s u b s ta n c e .
D u rin g th e n e x t tw e n ty fo u r hours th e a r t e r i a l system o f th e gla n d s d e velop s r a p id ly and s e v e ra l new v e s s e ls appear d u rin g t h i s p e rio d . An a r t e r y is g iv e n o f f by each o f th e a n t e r io r m esonephric a r t e r ie s j u s t b e fo re th e y e n te r th e meson e p h ric g la n d s . These a r t e r ie s ru n a n t e r io r ly , o n e alo ng th e l a t e r a l b o rd e r o f each a d re n a l g la n d and two branches are g iv e n o f f to each gla n d by i t s re s p e c tiv e a r te r y ,o n e near th e p o s t e r io r and th e o th e r n e a r th e a n t e r io r end o f th e g la n d , and each sends branches in t o th e c o r t i c a l p a r t o f th e g la n d . T h is does n o t occu r, h o w e v e r ,u n til a f t e r s e v e ra l branches have been form ed on th e s u rfa c e o f th e gland and in s te a d o f a la r g e a r t e r y p e n e tr a tin g th e g la n d , d ir e c t ly , i t is broken up and th e branches a re v e ry s m a ll when th e y e n te r th e substance o f th e g la n d . S t i l l a n o th e r a r t e r i a l c o n n e c tio n appears a t t h i s tim e . T h is is a s m a ll a r t e r y w hich ru n s d i r e c t l y from th e a o rta to th e p o s t e r io r end o f th e l e f t g la n d . T h is a r t e r y a ls o branches on th e s u rfa c e o f th e g la n d b e fo re e n te r in g th e c o r t i c a l substance.
W ith in th e g la n d s a l l th e se a r t e r ie s d iv id e s t i l l f u r t h e r and th e te r m in a l branches are so s m a ll th a t in s e c tio n th e y appear to be s m a lle r th a n th e b lo o d 12.
c e l l s . I t i s p ro b a b le th a t in th e l i v i n g g la n d the se c a p i l l a r i e s are somewhat la r g e r th a n in th e s e c tio n s ob se rve d . None o f th e c a p i l l a r i e s w it h in th e gla nd were found in th e c h ro m a ffin substance buAth e re can be no doubt th a t a t le a s t th e te r m in a l branches sometimes p e n e tra te t h i s p a rt o f th e g la n d . Here a g a in , th e g r e a te s t grow th o f th e c h ro m a ffin substance is accompanied by a c o rre s p o n d in g ly r a p id developm ent o f th e v a s c u la r system . 1 h is p r a c t i c a l l y com pletes th e developm ent o f the a r t e r i a l system o f th e g la n d s . At a l a t e r p e rio d ,a b o u t 192 h o u rs ,th e c o n n e c tio n between th e m esonephric a r t e r y and th e l e f t a d re n a l d is s a p e a rs . T h is a r t e r y w hich d is s a p e a rs is n o t th e one w hich a r is e s from th e branch o f th e m esonephric a r t e r y w hich runs a n t e r i o r l y alo ng th e l a t e r a l edge o f th e g la n d , T h is a r t e r y runs d i r e c t l y from th e mesoneph r i c a e te ry to th e g la n d . The c o rre s p o n d in g a r te r y to th e E ig h t g la n d 're m a in s (i< ig , 8 ) . A side from t h i s m o d ific a tio n th e re is no f u r t h e r change in th e e x te r n a l arrangem ent o f th e a r t e r i e s . W ith in th e g la n d s th e re is a s l i g h t in c re a s e in th e number o f c a p i l l a r i e s and th e n a tu re o f t h e i r w a ils undergoes a marked change.
When f i r s t fo rm e d ,th e w a ils o f th e c a p i l l a r i e s c o n ta in no c o n n e c tiv e t is s u e , b u t as the p e rio d o f in c u b a tio n draws to a c lo s e ,a s m a ll ammount o f i t may be seen
in th e w a lls o f th e la r g e r ones. I f any c o n n e c tiv e tis s u e is p re s e n t in the w a lls o f th e s m a lle r b ra n c h e s ,th e ammount i s so s m a ll th a t i t can not be seen in s e c tio n s p re p a re d by any o f th e o r d in a r y methods.
The gla n d s o f th e a d u lt .
In th e -a d u lt b ir d , th e a d re n a l g la n d s l i e j u s t a n t e r io r to th e b if u r c a t io n o f th e p o stca va ,o n e on each s id e o f the median l i n e . They are about one and one h a lf c e n tim e te rs lo n g and one h a lf c e n tim e te r wide a t the w id e s t p a r t . The r i g h t gla n d is ro u g h ly t r ia n g u la r , w h ile th e l e f t is o v a l In o u t lin e ( F ig . 8 , a d ). The in t e r n a l arrangem ent o f th e c o r t i c a l and c h ro m a ffin substances shows no change from th e c o n d itio n found in the embryo a t th e c lo s e o f the p e rio d o f in c u b a tio n .
In th e n a tu r a l in c re a s e in s iz e o f th e g la n d s i t is the c o r t i a a l s u b s ta n c e ,c h ie f l y , w hich has in c re a s e d in mass so th a t th e re is much more o f t h i s in p r o p o r tio n to th e c h ro m a ffin substance tha n was p re s e n t in th e embryo. The same r e la t io n between th e b lo o d v e s s e ls and th e tis s u e o f th e gla n d i s found here as was des c r ib e d in th e w e ll advanced em bryos. The s in u s o id s pass between the groups o f c h ro m a ffin c e l ls , w h i le th e c a p i l l a r i e s l i e in th e c o r t i c a l substance b u t each encroaches to a c e r t a in e x te n t upon th e t e r r i t o r y o f th e o th e r .
The tru n k s o f th e venous tre e s have in c re a s e d g r e a t ly in s iz e and form la rg e c e n t r a l v e s s e ls w hich may be compared to th e c e n t r a l v e in o f th e a d re n a l g la n d
o f mammals. The s in u s o id a l c h a ra c te r o f th e venous b lo o d v e s s e ls p e r s is ts in the a d u lt and even in th e la r g e s t v e s s e ls v e ry l i t t l e c o n n e c tiv e t is s u e i s found in th e w a lls . Near th e c lo s e o f th e p e rio d o f in c u b a tio n ,th e venous b lo o d was found e n te r in g th e p o stca va by means o f two s e p a ra te v e in s from each g la n d . T h is con d i t i o n i s n o t found in th e a d u lt . The two v e in s anastomose on th e v e n t r a l s u r -13.
fa c e o f th e g la n d and th e b lo o d from b o th venous tre e s e n te rs the postcava th ro u g h a common v e i n ( F i g . 8 ) .
The a r t e r i a l system o f th e g la n d s is e s s e n t ia lly the same as th a t d e s c rib e d f o r th e embryo. S ince t h i s i s t B u e . i t is e v id e n t t h a t th e m esonephric a e te r ie s fro m w hich th e y d e riv e d p a rt o f t h e i r b lo o d s u p p ly have p e rs is te d as th e r e n a l a r t e r ie s .
In the a d u lt , t h e b lo o d e n te rs th e g la n d s by means o f s e v e ra l a r t e r i e s ( F i g , 8) , I t may e n te r th e l e f t g la n d d i r e c t l y from th e a o rta o r th ro u g h the a n t e r io r o r p o s te r io r branches o f th a t a r t e r y w hich a r is e s from th e r e n a l a r t e r y and ru ns alo ng th e l a t e r a l b o rd e r o f th e g la n d . The s u p p ly o f th e r i g h t g la n d d i f f e r s from th a t o f th e l e f t in th a t th e re is no d i r e c t c o n n e c tio n w ith th e a o rta ,a n d in th a t th e re is a d ir e c t c o n n e c tio n w ith th e re n a l a r t e r y . The blo o d le a s e s b o th gla nds in the same w a y ,e n te rin g th e po stcava a t th e b if u r c a t io n by means o f a s in g le v e in from, each g la n d . Summary. The v e s s e ls o f th e a r t e r i a l system are found a lm o st e n t i r e l y in th e c o r t i c a l s u b s ta n c e . In g e n e ra l, t h i s is th e same c o n d itio n as was fou nd by F l i n t in th e a d re n a l g la n d s o f mammals, 4 . The e n t ir e venous system is d e riv e d from th e s u b c a rd in a l v e in s , f t i t h in th e g la n d s ,th e v e s s e ls o f t h i s system are s in u s o id a l in c h a ra c te r.
5. D u rin d th e p e rio d th a t th e re is th e g r e a te s t i n f l u x o f c e l l s from th e anlagen o f th e p r e v e r te b r a l s y m p a th e tic plexuses th e re is a ls o th e g r e a te s t a c t i v i t y in th e developm ent o f th e v a s c u la r system s. Is i t p o s s ib le t h a t th e r e la t io n s h ip o f cause and e f f e c t e x is t s between th e s im u lta n e o u s a c t i v i t y in th e developm ent o f th e s e d i s t i n c t system s o f th e a d re n a l g la n d s .
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